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mysticete whale. This study diagnoses the fossil and describes its stratigraphic setting to enable estimation of its temporal and environmental context. We identify the fossil as a partial skull of a right whale (Balaenidae: cf. Eubalaena). Our find represents the twentieth balaenid fossil diagnosable to genus level from the North Atlantic and Mediterannean, and we provide a complete list reviewing this previously described material.
The recovery of a right whale (Eubalaena) from this high-latitude Pliocene locality, combined with records of bowhead whales (Balaena) in similarly-aged sediments at lower latitudes, suggests that these two balaenid taxa may have been sympatric during this temporal interval, in contrast to their allopatric modern distributions. The identification of the Tjörnes Formation as a marine mammal-bearing locality makes it one of only a small handful of high-latitude Pliocene localities worldwide that have produced marine mammals; future exploration of this locality may yield additional Pliocene marine mammals of biogeographic significance.
GEOLOGICAL SETTING

Overview of Tjörnes Geology
The fossil was discovered in a cliff on the west-facing edge of the Tjörnes Peninsula, in Höskuldsvík lavas, and the Quaternary Bredavík Group (Eiríksson 1981; Buchardt and Simonarson 2003) . The fossil derives from close to the middle of the Tjörnes beds. Although these deposits exhibit a rich fossil mollusk fauna (Bardarson 1925; Strauch 1972; Norton 1975; Gladenkov et al. 1980) , the presence of vertebrate remains in these deposits is virtually unknown beyond a handful of isolated, undescribed elements ascribed to seals and whales. None of these previous finds have been excavated in situ, and are therefore unassociated with the wellcircumscribed biozones within the Tjörnes Formation. The Tjörnes beds comprise the only significant pre-Quaternary marine deposits in Iceland (Einarsson 1958; Eiríksson 1981) , and include intertidal, littoral, and subtidal strata (Buchardt and Simonarson 2003) . Age constraints on the Tjörnes beds date roughly to the middle Pliocene, although there is disagreement regarding the precise age of these strata (Verhoeven et al. 2011) .
The Tjörnes beds comprise approximately 500m of fossiliferous siliciclastic sediments, which are primarily made up of marine sandstones, with intermittent terrestrial/estuarine lignite beds and muddy sandstones (Buchardt and Simonarson 2003) . Bardarson (1925) grouped this sequence into three biozones on the basis of their most abundant mollusk fossils; from oldest to youngest, these are the Tapes Zone, the Mactra Zone, and the Serripes Zone (Fig. 1 ). The whale fossil described here derives from the middle of the Mactra Zone (Fig. 1) .
Dating the Tjörnes Beds and palaeoenvironment
Aronson and Saemundsson (1975) dated samples from the Kaldakvísl lava flows, which underlie the Tjörnes beds, to 9.9Ma ± 1.8Ma and 8.6Ma ± 0.4Ma, and Albertsson (1976) dated a lava flow in the lowermost part of the Tjörnes beds to 4.3Ma ± 0.17Ma. The Höskuldsvík Group, directly overlying the Tjörnes beds, was dated to 2.55Ma ± 0.27Ma (Albertsson 1978) .
A pillow lava with reverse remanent magnetism, lying just above the Mactra/Serripes
Zone boundary within the Tjörnes beds (and thus important for dating the whale fossil), has presented problems for radiometric dating (Buchardt and Simonarson 2003; Verhoeven, et al. 2011; Einarsson et al. 1967; Albertsson 1978; Eiríksson et al. 1990) Verhoeven, et al. (2011) . As precise K-Ar dates for the interbedded lavas in the Tjörnes Formation have remained elusive, we can only constrain the fossil between the oldest and youngest available estimates for the age of the middle of the Mactra Zone. The minimum estimate (Einarsson, et al. 1967; Albertsson 1978) for the age of these beds is 3.4Ma, and the maximum is 4.63Ma (Verhoeven, et al. 2011) . As such, we can conclude that the fossil whale IMNH 9598 (cf. Eubalaena) dates to the early Pliocene (4.63Ma-3.4Ma, ZancleanPiacenzian).
Tjörnes facies description
The upper Mactra Zone and the Serripes Zone represent a shallow-water sublittoral setting. The mollusk fauna in the lower Serripes Zone is highly diverse relative to the Tapes and Mactra Zones, due to the immigration of Pacific and Arctic taxa in addition to the existing Atlantic fauna (Durham and MacNeil 1967; Norton 1975; Buchardt and Simonarson 2003) . The bivalve shells in the upper Mactra Zone and the Serripes Zone are broken and disarticulated, indicating post-mortem transport and crushing of the shells in a high-energy coastal environment (Buchardt and Simonarson 2003) . The whale described here came to rest and was buried in this nearshore environment.
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MATERIALS AND METHODS
The specimen (IMNH 9598) was collected by a YPM crew in July 2011. The skull was discovered weathering out of a cliff, approximately 7 meters above sea level. In order to safely excavate the specimen, the crew rappelled down the cliff from a fixed point ~30m above the specimen using technical climbing gear. Following a roughly two-week excavation, a pulley system was devised to safely lower the specimen to sea level from the site of the excavation. 
DISCUSSION
Climatic conditions during Mactra Zone deposition
Many paleoclimatic studies have focused on the middle Pliocene since the 1970's, and researchers generally agree that this period was the warmest of the last 5 million years (Shackleton and Opdyke 1977; Cronin 1991a Cronin , 1991b Chandler et al. 1994; Dowsett et al. ; Shackleton et al. 1995; Buchardt and Simonarson 2003 Table 1 ) were warmer than the present day. These temperature differences are highest in latitudes south of present-day Iceland, where increased meridional heat transfer and changes in albedo due to reduced polar ice sheets (among other factors) may have influenced temperature fluctuations (Fedorov et al. 2013; Lawrence et al. 2010; Williams et al. 2009 ). Temperatures in Atlantic-North Atlantic latitudes from the early Pliocene through the 'mid-Pliocene warm period' are modeled to have ranged between 0 and 7 o C, with the highest end of the range closest to an area extending from south of Iceland to the east coast of North America (Fedorov, et al. 2013) . These estimated paleotemperatures are within the range of the preferred temperatures of modern balaenids based on their present distributions.
Indeed, these temperatures are relatively cool compared to those of the modern winter calving grounds of some extant balaenids-for example, Eubalaena glacialis off the coast of Florida (Bannister 2008; Nowak 2003) .
Today, Iceland is positioned close to the northernmost extent of the range of Eubalaena glacialis (Fig. 3) . of Balaena and Eubalaena is a not a recent phenomenon (Foote et al. 2013) .
CONCLUSIONS
Although the Tjörnes beds have been studied extensively by geochronologists, invertebrate paleontologists, and paleoclimatologists, they represent terra incognita for vertebrate paleontologists. Preliminary vertebrate fossil prospecting of the Tjörnes beds has revealed a skull fragment of a large mysticete whale in the middle of the Mactra Zone. This whale died in a high-energy nearshore environment, and dates from between 3.4Ma and 4.63Ma.
Ocean temperatures in northern Iceland at this time were considerably warmer than today. 
